Vfay nq/ 869855 

/ nv X8S Ree'd PCT/PTO 0 5 JUL 200f 

Method for Increasing Gene Copy Number in a host cell and resulting host cell 



Cross-Reference to Related Applications 

This application is a 35 U.S.C. 371 national application of PCT/DK01/00356 filed May 
23, 2001 and claims, under 35 U.S.C. 119, priority or the benefit of Danish application no. PA 
2000 00824 filed May 24, 2000 and U.S. application no. 60/208,052 filed May 30, 2000, the 
contents of which are fully incorporated herein by reference. 

Field of the Invention 

The invention relates to a method for increasing the copy number of a chromosomally 
integrated expression cassette in a microbial strain without leaving antibiotic resistance markers 
behind in the strain, the necessary genetic constructs, and the strains used in and resulting 
from the method of the invention. It is desirable for the biotech industry to provide microbial 
strains devoid of antibiotic resistance markers comprising several chromosomally integrated 
copies of a gene of interest, for the industrial high yield production of polypeptides. 

Background of the Invention 

The present debate concerning the industrial use of recombinant DNA technology has 
raised some questions and concern about the use of antibiotic marker genes. An antibiotic 
marker gene is traditionally used as a means to select for strains carrying multiple copies of 
both the marker gene and an accompanying expression cassette coding for a polypeptide of 
industrial interest. Amplification of the expression cassette by increasing the copy number in a 
microbiological production strain is desirable because there is very often a direct correlation 
between the number of copies and the final product yields. The amplification method using 
antibiotic selection has been used extensively in many host strains over the past 15 years and 
has proven to be a very efficient way to develop high yielding production strains in a relatively 
short time, irrespective of the expression level of the individual expression cassettes. 

In order to comply with the current demand for recombinant production host strains 
devoid of antibiotic markers, we have looked for possible alternatives to the present technology 
that will allow substitution of the antibiotic markers we use today with new marker genes. 

The catabolic pathway of galactose in bacilli is very similar to the pathway of other 
sugars. The carbon molecule is transported into the cell via a permease, a kinase charges the 
molecule with a phosphate group and a transferase reaction transfers the phosphate group to a 



glucose molecule which is then shuttled directly into the glycolytic pathway. In the case of 
galactose catabolism the transferase reaction generates UDP-galactose as a sideproduct which 
is a very toxic compound for all living cells. This compound is normally converted to UDP- 
glucose by an epimerase coded for by the galE gene. The use of galE in a simple selection 
method for plasmid transformed cells, especially plant cells, is mentioned in WO 00/09705. 

Summary of the Invention 

The problem to be solved by the present invention is to increase the copy number of a 
chromosomally integrated expression cassette in a microbial strain in a way by which a 
resulting host cell devoid of antibiotic markers is provided for the use in industrial production of 
polypeptides in high yields. 

The solution is based on that the present inventors demonstrated that a nucleotide 
construct comprising an amplification unit as defined herein can integrate into the chromosome 
of a host cell and increase in number of chromosomally integrated copies without the use of 
classical antibiotic markers or antibiotics. 

Accordingly, in a first aspect the invention relates to a method for increasing the number 
of copies of an amplification unit integrated into a host cell chromosome, wherein the method 
comprises the steps of: 

a) rendering a chromosomal gene of a host cell non-functional, wherein the host cell 
becomes susceptible to an inhibitory compound endogenously produced by the host cell when 
the host cell is cultivated in a medium comprising a precursor; 

b) making a nucleic acid construct comprising an amplification unit, wherein the unit 
comprises: 

i) an expression cassette comprising at least one copy of a gene of interest; and 

ii) an expressable copy of the chromosomal gene of step a), wherein the unit 
integrates into the host cell chromosome; 

c) introducing the nucleic acid construct of step b) into the host cell of step a), wherein at 
least one copy of the amplification unit integrates into the host cell chromosome; 

d) cultivating the host cell of step c) in a medium comprising the precursor, wherein a 
chromosomally integrated copy of the amplification unit is duplicated or multiplied on the host 
cell chromosome; 

e) selecting a host cell comprising two or more chromosomally integrated copies of the 
amplification unit; and optionally 



f) performing one or more cycles of steps d) and e) using the host cell selected in step 
e) in each new cycle; wherein the number of chromosomally integrated copies of the 
amplification unit increases with each repeat. 

Further, in a second aspect the invention relates to a method for constructing a host cell 
comprising at least one copy of an amplification unit integrated into the host cell chromosome, 
wherein the method comprises the steps of: 

a) rendering a chromosomal gene of a host cell non-functional, wherein the host cell 
becomes susceptible to an inhibitory compound endogenously produced by the host cell when 
the host cell is cultivated in a medium comprising a precursor; 

b) making a nucleic acid construct comprising an amplification unit, wherein the unit 
comprises: 

i) an expression cassette comprising at least one copy of a gene of interest; and 

ii) an expressable copy of the chromosomal gene of step a), wherein the unit 
integrates into the host cell chromosome; 

c) introducing the nucleic acid construct of step b) into the host cell of step a) and 
cultivating the host cell in a medium comprising the precursor, wherein at least one copy of the 
amplification unit integrates into the host cell chromosome; and 

d) selecting a host cell comprising at least one chromosomally integrated copy of the 
amplification unit. 

A third aspect of the invention relates to a method for increasing the number of copies of 
an amplification unit integrated into a host cell chromosome, wherein the method comprises the 
steps of: 

a) providing a host cell, wherein a chromosomal gene has been rendered non- 
functional, whereby the host cell becomes susceptible to an inhibitory compound endogenously 
produced by the host cell when the host cell is cultivated in a medium comprising a precursor; 

b) introducing a nucleic acid construct into the host cell of step a), the nucleic acid 
construct comprising an amplification unit, wherein the unit comprises: 

i) an expression cassette comprising at least one copy of a gene of interest; and 

ii) an expressable copy of the chromosomal gene of step a), 

wherein at least one copy of the amplification unit integrates into the host cell chromosome; 

c) cultivating the host cell of step b) in a medium comprising the precursor, wherein a 
chromosomally integrated copy of the amplification unit is duplicated or multiplied on the host 
cell chromosome; 



d) selecting a host cell comprising two or more chromosomally integrated copies of the 
amplification unit; and optionally 

e) performing one or more cycles of steps c) and d) using the host cell selected in step 
d) in each new cycle; wherein the number of chromosomally integrated copies of the 
amplification unit increases with each cycle. 

As clear from above, genetic tools are provided for performing the method of the 
invention as described herein. 

Accordingly in a fourth aspect the invention relates to an amplification unit comprising: 

a) an expression cassette comprising at least one copy of a gene of interest; and 

b) an expressable copy of a conditionally essential chromosomal gene of a host cell; 
wherein the unit integrates into the host ceil chromosome upon introduction of the nucleic acid 
construct into the host cell. 

Further in a fifth aspect the invention relates to a nucleic acid construct comprising a unit 
as defined in any of the previous aspects. 

The method of the invention achieves the construction of a host cell comprising at least 
one chromosomally integrated copy of the amplification unit as defined above, where such a 
host cell is highly desirable for industrial production of polypeptides in high yields. 

Consequently in a sixth aspect the invention relates to a host cell wherein a 
chromosomal gene has been rendered non-functional leaving the host cell susceptible to an 
inhibitory compound endogenously produced by the host cell when cultivated in a medium 
comprising a precursor; and wherein the host cell comprises an amplification unit as defined in 
any of the previous aspects or a nucleotide construct as defined in the previous aspect. 

In a final aspect the invention relates to a process for producing a polypeptide of 
interest, wherein the process comprises a step of cultivating a host cell as defined in the 
previous aspect. 

Brief Description of the Figures 

Figure 1 shows a Southern blot which demonstrated hybridization to flanking fragments 
of the dal locus and a strong hybridization band to the expression cassette corresponding to the 
size of the plasmid pMOL1807 (SEQ ID NO:2) in a non-limiting example herein. 



Definitions 



In accordance with the present invention there may be employed conventional molecular 
biology, microbiology, and recombinant DNA techniques within the skill of the art. Such 
techniques are explained fully in the literature. See, e.g., Sambrook, Fritsch & Maniatis, 
Molecular Cloning: A Laboratory Manual, Second Edition (1989) Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, New York (herein "Sambrook et al., 1989") DNA Cloning: A 
Practical Approach, Volumes I and II /D.N. Glover ed. 1985); Oligonucleotide Synthesis (M.J. 
Gait ed. 1984); Nucleic Acid Hybridization (B.D. Hames & SJ. Higgins eds (1985)); 
Transcription And Translation (B.D. Hames & S.J. Higgins, eds. (1984)); Animal Cell Culture 
(R.I. Freshney, ed. (1986)); Immobilized Cells And Enzymes (IRL Press, (1986)); B. Perbal, A 
Practical Guide To Molecular Cloning (1984). 

A "polynucleotide" is a single- or double-stranded polymer of deoxyribonucleotide or 
ribonucleotide bases read from the 5' to the 3' end. Polynucleotides include RNA and DNA, and 
may be isolated from natural sources, synthesized in vitro, or prepared from a combination of 
natural and synthetic molecules. 

A "nucleic acid molecule" or "nucleotide sequence" refers to the phosphate ester 
polymeric form of ribonucleosides (adenosine, guanosine, uridine or cytidine; "RNA molecules") 
or deoxyribonucleosides (deoxyadenosine, deoxyguanosine, deoxythymidine, or deoxycytidine; 
"DNA molecules") in either single stranded form, or a double-stranded helix. Double stranded 
DNA-DNA, DNA-RNA and RNA-RNA helices are possible. The term nucleic acid molecule, and 
in particular DNA or RNA molecule, refers only to the primary and secondary structure of the 
molecule, and does not limit it to any particular tertiary or quaternary forms. Thus, this term 
includes double-stranded DNA found, inter alia, in linear or circular DNA molecules (e.g., 
restriction fragments), plasmids, and chromosomes. In discussing the structure of particular 
double-stranded DNA molecules, sequences may be described herein according to the normal 
convention of giving only the sequence in the 5' to 3' direction along the nontranscribed strand 
of DNA (i.e., the strand having a sequence homologous to the mRNA). A "recombinant DNA 
molecule" is a DNA molecule that has undergone a molecular biological manipulation. 

A nucleic acid molecule is "hybridizable" to another nucleic acid molecule, such as a 
cDNA, genomic DNA, or RNA, when a single stranded form of the nucleic acid molecule can 
anneal to the other nucleic acid molecule under the appropriate conditions of temperature and 
solution ionic strength (see Sambrook et al., supra). The conditions of temperature and ionic 
strength determine the "stringency" of the hybridization. 



A DNA "coding sequence" or an "open reading frame (ORF)" is a double-stranded DNA 
sequence which is transcribed and translated into a polypeptide in a cell in vitro or in vivo when 
placed under the control of appropriate regulatory sequences. The boundaries of the coding 
sequence are determined by a start codon at the 5 5 (amino) terminus and a translation stop 
codon at the 3' (carboxyl) terminus. A coding sequence can include, but is not limited to, 
prokaryotic sequences, cDNA from eukaryotic mRNA, genomic DNA sequences from 
eukaryotic (e.g., mammalian) DNA, and even synthetic DNA sequences. If the coding sequence 
is intended for expression in a eukaryotic cell, a polyadenylation signal and transcription 
termination sequence will usually be located 3' to the coding sequence. 

An expression vector is a DNA molecule, linear or circular, that comprises a segment 
encoding a polypeptide of interest operably linked to additional segments that provide for its 
transcription. Such additional segments may include promoter and terminator sequences, and 
optionally one or more origins of replication, one or more selectable markers, an enhancer, a 
polyadenylation signal, and the like. Expression vectors are generally derived from plasmid or 
viral DNA, or may contain elements of both. 

Transcriptional and translational control sequences are DNA regulatory sequences, 
such as promoters, enhancers, terminators, and the like, that provide for the expression of a 
coding sequence in a host cell. In eukaryotic cells, polyadenylation signals are control 
sequences. 

A "secretory signal sequence" is a DNA sequence that encodes a polypeptide (a 
"secretory peptide" that, as a component of a larger polypeptide, directs the larger polypeptide 
through a secretory pathway of a cell in which it is synthesized. The larger polypeptide is 
commonly cleaved to remove the secretory peptide during transit through the secretory 
pathway. 

The term "promoter" is used herein for its art-recognized meaning to denote a portion of 
a gene containing DNA sequences that provide for the binding of RNA polymerase and initiation 
of transcription. Promoter sequences are commonly, but not always, found in the 5' non-coding 
regions of genes. 

A chromosomal gene is rendered non-functional if the polypeptide that the gene 
encodes can no longer be expressed in a functional form. Such non-functionality of a gene can 
be induced by a wide variety of genetic manipulations as known in the art, some of which are 
described in Sambrook et al. vide supra. Partial deletions within the ORF of a gene will often 
render the gene non-functional, as will mutations. 



The term "an expressable copy of a chromosomal gene" is used herein as meaning a 
copy of the ORF of a chromosomal gene, wherein the ORF can be expressed to produce a fully 
functional gene product. The expressable copy may not be transcribed from the native 
promoter of the chromosomal gene, it may instead be transcribed from a foreign or 
heterologous promoter, or it may indeed be promoterless and expressed only by transcriptional 
read-through from a gene present upstream of the 5' end of the ORF. Transcriptional read- 
through is intended to have the same meaning here as the generally recognized meaning in the 
art. 

"Operably linked", when referring to DNA segments, indicates that the segments are 
arranged so that they function in concert for their intended purposes, e.g. transcription initiates 
in the promoter and proceeds through the coding segment to the terminator. 

A coding sequence is "under the control" of transcriptional and translational control 
sequences in a cell when RNA polymerase transcribes the coding sequence into mRNA, which 
is then trans-RNA spliced and translated into the protein encoded by the coding sequence. 

"Heterologous" DNA refers to DNA not naturally located in the cell, or in a chromosomal 
site of the cell. Preferably, the heterologous DNA includes a gene foreign to the cell. 

As used herein the term "nucleic acid construct" is intended to indicate any nucleic acid 
molecule of cDNA, genomic DNA, synthetic DNA or RNA origin. The term "construct" is 
intended to indicate a nucleic acid segment which may be single- or double-stranded, and 
which may be based on a complete or partial naturally occurring nucleotide sequence encoding 
a polypeptide of interest. The construct may optionally contain other nucleic acid segments. 

The nucleic acid construct of the invention encoding the polypeptide of the invention 
may suitably be of genomic or cDNA origin, for instance obtained by preparing a genomic or 
cDNA library and screening for DNA sequences coding for all or part of the polypeptide by 
hybridization using synthetic oligonucleotide probes in accordance with standard techniques (cf. 
Sambrook et al., supra). 

The nucleic acid construct of the invention encoding the polypeptide may also be 
prepared synthetically by established standard methods, e.g. the phosphoamidite method 
described by Beaucage and Caruthers, Tetrahedron Letters 22 (1981), 1859 - 1869, or the 
method described by Matthes et al., EMBO Journal 3 (1984), 801 - 805. According to the 
phosphoamidite method, oligonucleotides are synthesized, e.g. in an automatic DNA 
synthesizer, purified, annealed, ligated and cloned in suitable vectors. 



Furthermore, the nucleic acid construct may be of mixed synthetic and genomic, mixed 
synthetic and cDNA or mixed genomic and cDNA origin prepared by ligating fragments of 
synthetic, genomic or cDNA origin (as appropriate), the fragments corresponding to various 
parts of the entire nucleic acid construct, in accordance with standard techniques. The nucleic 
acid construct may also be prepared by polymerase chain reaction using specific primers, for 
instance as described in US 4,683,202 or Saiki et al., Science 239 (1988), 487 - 491 . 

The term nucleic acid construct may be synonymous with the term "expression cassette" 
when the nucleic acid construct contains the control sequences necessary for expression of a 
coding sequence of the present invention 

The term "control sequences" is defined herein to include all components which are 
necessary or advantageous for expression of the coding sequence of the nucleic acid 
sequence. Each control sequence may be native or foreign to the nucleic acid sequence 
encoding the polypeptide. Such control sequences include, but are not limited to, a leader, a 
polyadenylation sequence, a propeptide sequence, a promoter, a signal sequence, and a 
transcription terminator. At a minimum, the control sequences include a promoter, and 
transcriptional and translational stop signals. The control sequences may be provided with 
linkers for the purpose of introducing specific restriction sites facilitating ligation of the control 
sequences with the coding region of the nucleic acid sequence encoding a polypeptide. 

The control sequence may be an appropriate promoter sequence, a nucleic acid 
sequence which is recognized by a host cell for expression of the nucleic acid sequence. The 
promoter sequence contains transcription and translation control sequences which mediate the 
expression of the polypeptide. The promoter may be any nucleic acid sequence which shows 
transcriptional activity in the host cell of choice and may be obtained from genes encoding 
extracellular or intracellular polypeptides either homologous or heterologous to the host cell. 

The control sequence may also be a suitable transcription terminator sequence, a 
sequence recognized by a host cell to terminate transcription. The terminator sequence is 
operably linked to the 3' terminus of the nucleic acid sequence encoding the polypeptide. Any 
terminator which is functional in the host cell of choice may be used in the present invention. 

The control sequence may also be a polyadenylation sequence, a sequence which is 
operably linked to the 3' terminus of the nucleic acid sequence and which, when transcribed, is 
recognized by the host cell as a signal to add polyadenosine residues to transcribed mRNA. 
Any polyadenylation sequence which is functional in the host cell of choice may be used in the 
present invention. 



The control sequence may also be a signal peptide coding region, which codes for an 
amino acid sequence linked to the amino terminus of the polypeptide which can direct the 
expressed polypeptide into the cell's secretory pathway of the host cell. The 5' end of the 
coding sequence of the nucleic acid sequence may inherently contain a signal peptide coding 
5 region naturally linked in translation reading frame with the segment of the coding region which 
encodes the secreted polypeptide. Alternatively, the 5' end of the coding sequence may 
contain a signal peptide coding region which is foreign to that portion of the coding sequence 
which encodes the secreted polypeptide. A foreign signal peptide coding region may be 
required where the coding sequence does not normally contain a signal peptide coding region. 
10 Alternatively, the foreign signal peptide coding region may simply replace the natural signal 
peptide coding region in order to obtain enhanced secretion of the [enzyme] relative to the 
? j| natural signal peptide coding region normally associated with the coding sequence. The signal 
■| peptide coding region may be obtained from a glucoamylase or an amylase gene from an 
! | Aspergillus species, a lipase or proteinase gene from a Rhizomucor species, the gene for the 

'is alpha-factor from Saccharomyces cerevisiae, an amylase or a protease gene from a Bacillus 

ill 

n. species, or the calf preprochymosin gene. However, any signal peptide coding region capable 

; w of directing the expressed polypeptide into the secretory pathway of a host cell of choice may 

J be used in the present invention. 

| The control sequence may also be a propeptide coding region, which codes for an 

!lo amino acid sequence positioned at the amino terminus of a polypeptide. The resultant 

s i I 

polypeptide is known as a proenzyme or propolypeptide (or a zymogen in some cases). A 
propolypeptide is generally inactive and can be converted to mature active polypeptide by 
catalytic or autocatalytic cleavage of the propeptide from the propolypeptide. The propeptide 
coding region may be obtained from the Bacillus subtilis alkaline protease gene (aprE), the 

25 Bacillus subtilis neutral protease gene (nprT), the Saccharomyces cerevisiae alpha-factor gene, 
or the Myceliophthora thermophilum laccase gene (WO 95/33836). 

It may also be desirable to add regulatory sequences which allow the regulation of the 
expression of the polypeptide relative to the growth of the host cell. Examples of regulatory 
systems are those which cause the expression of the gene to be turned on or off in response to 

30 a chemical or physical stimulus, including the presence of a regulatory compound. Regulatory 
systems in prokaryotic systems would include the lac, tac, and trp operator systems. In yeast, 
the ADH2 system or GAL1 system may be used. In filamentous fungi, the TAKA alpha-amylase 
promoter, Aspergillus niger glucoamylase promoter, and the Aspergillus oryzae glucoamylase 
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promoter may be used as regulatory sequences. Other examples of regulatory sequences are 
those which allow for gene amplification. In eukaryotic systems, these include the dihydrofolate 
reductase gene which is amplified in the presence of methotrexate, and the metallothionein 
genes which are amplified with heavy metals. In these cases, the nucleic acid sequence 
5 encoding the polypeptide would be placed in tandem with the regulatory sequence. 

Examples of suitable promoters for directing the transcription of the nucleic acid 
constructs of the present invention, especially in a bacterial host cell, are the promoters 
obtained from the E. coli lac operon, the Streptomyces coelicolor agarase gene (dagA), the 
Bacillus subtilis levansucrase gene (sacB), the Bacillus subtilis alkaline protease gene, the 
10 Bacillus Hcheniformis alpha-amylase gene (amyL), the Bacillus stearothermophilus maltogenic 
amylase gene (amyM), the Bacillus amyloliquefaciens alpha-amylase gene (amyQ), the Bacillus 
i B amyloliquefaciens BAN AMYLASE GENE, the Bacillus Hcheniformis penicillinase gene (penP), 
the Bacillus subtilis xylA and xylB genes, and the prokaryotic beta-lactamase gene (Villa- 
*|J Kamaroff et al., 1978, Proceedings of the National Academy of Sciences USA 75:3727-3731), 
!f|5 as well as the tac promoter (DeBoer et al., 1983, Proceedings of the National Academy of 
Sciences USA 80:21-25). Further promoters are described in "Useful proteins from recombinant 
Jjg bacteria" in Scientific American, 1980, 242:74-94; and in Sambrook et al., 1989, supra, 
'jj Examples of suitable promoters for directing the transcription of the nucleic acid 

Iff constructs of the present invention in a filamentous fungal host cell are promoters obtained 
lijjo- from the genes encoding Aspergillus oryzae TAKA amylase, Rhizomucor miehei aspartic 

; ! s 

proteinase, Aspergillus niger neutral alpha-amylase, Aspergillus niger acid stable alpha- 
amylase, Aspergillus niger or Aspergillus awamori glucoamylase (glaA), Rhizomucor miehei 
lipase, Aspergillus oryzae alkaline protease, Aspergillus oryzae triose phosphate isomerase, 
Aspergillus nidulans acetamidase, Fusarium oxysporum trypsin-Iike protease (as described in 

25 U.S. Patent No. 4,288,627, which is incorporated herein by reference), and hybrids thereof. 
Particularly preferred promoters for use in filamentous fungal host cells are the TAKA amylase, 
NA2-tpi (a hybrid of the promoters from the genes encoding Aspergillus niger neutral a-amylase 
and Aspergillus oryzae triose phosphate isomerase), and glaA promoters. Further suitable 
promoters for use in filamentous fungus host cells are the ADH3 promoter (McKnight et al., The 

so EMBO J. 4 (1985), 2093 - 2099) or the tpiA promoter. 

Preferred terminators for filamentous fungal host cells are obtained from the genes 
encoding Aspergillus oryzae TAKA amylase, Aspergillus niger glucoamylase, Aspergillus 
nidulans anthranilate synthase, Aspergillus niger alpha-glucosidase, and Fusarium oxysporum 

-ia 



trypsin-like protease, for fungal hosts) the TPI1 (Alber and Kawasaki, op. cit.) or ADH3 
(McKnight et al., op. cit.) terminators. 

Preferred terminators for yeast host cells are obtained from the genes encoding 
Saccharomyces cerevisiae enolase, Saccharomyces cerevisiae cytochrome C (CYC1), or 
Saccharomyces cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other useful 
terminators for yeast host cells are described by Romanos et al., 1992, supra. 

An effective signal peptide coding region for bacterial host cells is the signal peptide 
coding region obtained from the maltogenic amylase gene from Bacillus NCIB 11837, the 
Bacillus stearothermophilus alpha-amylase gene, the Bacillus licheniformis subtilisin gene, the 
Bacillus licheniformis beta-lactamase gene, the Bacillus stearothermophilus neutral proteases 
genes (nprT, nprS, nprM), and the Bacillus subtilis PrsA gene. Further signal peptides are 
described by Simonen and Palva, 1993, Microbiological Reviews 57:109-137. 

An effective signal peptide coding region for filamentous fungal host cells is the signal 
peptide coding region obtained from Aspergillus oryzae TAKA amylase gene, Aspergillus niger 
neutral amylase gene, the Rhizomucor miehei aspartic proteinase gene, the Humicola 
lanuginosa cellulase or lipase gene, or the Rhizomucor miehei lipase or protease gene, 
Aspergillus sp. amylase or glucoamylase, a gene encoding a Rhizomucor miehei lipase or 
protease. The signal peptide is preferably derived from a gene encoding A. oryzae TAKA 
amylase, A. niger neutral a-amylase, A. niger acid-stable amylase, or A niger glucoamylase. 

The present invention also relates to recombinant expression vectors comprising a 
nucleic acid sequence of the present invention, a promoter, and transcriptional and translational 
stop signals. The various nucleic acid and control sequences described above may be joined 
together to produce a recombinant expression vector which may include one or more 
convenient restriction sites to allow for insertion or substitution of the nucleic acid sequence 
encoding the polypeptide at such sites. Alternatively, the nucleic acid sequence of the present 
invention may be expressed by inserting the nucleic acid sequence or a nucleic acid construct 
comprising the sequence into an appropriate vector for expression. In creating the expression 
vector, the coding sequence is located in the vector so that the coding sequence is operably 
linked with the appropriate control sequences for expression, and possibly secretion. 

The recombinant expression vector may be any vector (e.g., a plasmid or virus) which 
can be conveniently subjected to recombinant DNA procedures and can bring about the 
expression of the nucleic acid sequence. The choice of the vector will typically depend on the 
compatibility of the vector with the host cell into which the vector is to be introduced. The 
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vectors may be linear or closed circular plasmids. The vector may be an autonomously 
replicating vector, i.e., a vector which exists as an extrachromosomal entity, the replication of 
which is independent of chromosomal replication, e.g., a plasmid, an extrachromosomal 
element, a minichromosome, or an artificial chromosome. The vector may contain any means 
for assuring self-replication. Alternatively, the vector may be one which, when introduced into 
the host cell, is integrated into the genome and replicated together with the chromosome(s) into 
which it has been integrated. The vector system may be a single vector or plasmid or two or 
more vectors or plasmids which together contain the total DNA to be introduced into the 
genome of the host cell, or a transposon. 

The vectors of the present invention preferably contain one or more selectable markers 
which permit easy selection of transformed cells. A selectable marker is a gene the product of 
which provides for biocide or viral resistance, resistance to heavy metals, prototrophy to 
auxotrophs, and the like. 

A conditionally essential gene may function as a selectable marker. Examples of 
bacterial conditionally essential selectable markers are the dal genes from Bacillus subtilis or 
Bacillus licheniformis, that are only essential when the bacterium is cultivated in the presence of 
D-alanine; or the genes encoding enzymes involved in the removal of UDP-galactose from the 
bacterial cell when the cell is grown in the presence of galactose. Non-limiting examples of such 
genes are those from B. subtilis or B. licheniformis encoding UTP-dependent phosphorylase 
(EC 2.7.7.10), UDP-glucose-dependent uridylyltransferase (EC 2.7.7.12), or UDP-galactose 
epimerase (EC 5.1.3.2). 

Antibiotic selectable markers confer antibiotic resistance to such antibiotics as ampicillin, 
kanamycin, chloramphenicol, tetracycline, neomycin, hygromycin or methotrexate. Suitable 
markers for yeast host cells are ADE2, HIS3, LEU2, LYS2, MET3, TRP1, and URA3. A 
selectable marker for use in a filamentous fungal host cell may be selected from the group 
including, but not limited to, amdS (acetamidase), argB (ornithine carbamoyltransferase), bar 
(phosphinothricin acetyltransferase), hygB (hygromycin phosphotransferase), niaD (nitrate 
reductase), pyrG (orotidine-5-phosphate decarboxylase), sC (sulfate adenyltransferase), trpC 
(anthranilate synthase), and glufosinate resistance markers, as well as equivalents from other 
species. Preferred for use in an Aspergillus cell are the amdS and pyrG markers of Aspergillus 
nidulans or Aspergillus oryzae and the bar marker of Streptomyces hygroscopicus. 
Furthermore, selection may be accomplished by co-transformation, e.g., as described in WO 
91/17243, where the selectable marker is on a separate vector. 
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The vectors of the present invention preferably contain an element(s) that permits stable 
integration of the vector, or of a smaller part of the vector, into the host cell genome or 
autonomous replication of the vector in the cell independent of the genome of the cell. 

The vectors, or smaller parts of the vectors such as amplification units of the present 
invention, may be integrated into the host cell genome when introduced into a host cell. For 
chromosomal integration, the vector may rely on the nucleic acid sequence encoding the 
polypeptide or any other element of the vector for stable integration of the vector into the 
genome by homologous or nonhomologous recombination. 

Alternatively, the vector may contain additional nucleic acid sequences for directing 
integration by homologous recombination into the genome of the host cell. The additional 
nucleic acid sequences enable the vector to be integrated into the host cell genome at a precise 
location(s) in the chromosome(s). To increase the likelihood of integration at a precise location, 
the integrational elements should preferably contain a sufficient number of nucleic acids, such 
as 100 to 1,500 base pairs, preferably 400 to 1,500 base pairs, and most preferably 800 to 
1,500 base pairs, which are highly homologous with the corresponding target sequence to 
enhance the probability of homologous recombination. The integrational elements may be any 
sequence that is homologous with the target sequence in the genome of the host cell. 
Furthermore, the integrational elements may be non-encoding or encoding nucleic acid 
sequences. 

On the other hand, the vector may be integrated into the genome of the host cell by 
non-homologous recombination. These nucleic acid sequences may be any sequence that is 
homologous with a target sequence in the genome of the host cell, and, furthermore, may be 
non-encoding or encoding sequences. The copy number of a vector, an expression cassette, 
an amplification unit, a gene or indeed any defined nucleotide sequence is the number of 
identical copies that are present in a host cell at any time. A gene or another defined 
chromosomal nucleotide sequence may be present in one, two, or more copies on the 
chromosome. An autonomously replicating vector may be present in one, or several hundred 
copies per host cell. 

An amplification unit of the invention is a nucleotide sequence that can integrate into the 
chromosome of a host cell, whereupon it can increase in number of chromosomally integrated 
copies by duplication of multiplication. The unit comprises an expression cassette as defined 
herein comprising at least one copy of a gene of interest and an expressable copy of a 
chromosomal gene, as defined herein, of the host cell. 
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For autonomous replication, the vector may further comprise an origin of replication 
enabling the vector to replicate autonomously in the host cell in question. Examples of bacterial 
origins of replication are the origins of replication of plasmids pBR322, pUC19, pACYC177, 
pACYC184, pUB110, pE194, pTA1060, and pAMfil. Examples of origin of replications for use 
in a yeast host cell are the 2 micron origin of replication, the combination of CEN6 and ARS4, 
and the combination of CEN3 and ARS1. The origin of replication may be one having a 
mutation which makes its functioning temperature-sensitive in the host cell (see, e.g., Ehrlich, 
1978, Proceedings of the National Academy of Sciences USA 75:1433). 

The present invention also relates to recombinant host cells, comprising a nucleic acid 
sequence of the invention, which are advantageously used in the recombinant production of the 
polypeptides. The term "host cell" encompasses any progeny of a parent cell which is not 
identical to the parent cell due to mutations that occur during replication. 

The cell is preferably transformed with a vector comprising a nucleic acid sequence of 
the invention followed by integration of the vector into the host chromosome. "Transformation" 
means introducing a vector comprising a nucleic acid sequence of the present invention into a 
host cell so that the vector is maintained as a chromosomal integrant or as a self-replicating 
extra-chromosomal vector. Integration is generally considered to be an advantage as the 
nucleic acid sequence is more likely to be stably maintained in the cell. Integration of the vector 
into the host chromosome may occur by homologous or non-homologous recombination as 
described above. 

The choice of a host cell will to a large extent depend upon the gene encoding the 
polypeptide and its source. The host cell may be a unicellular microorganism, e.g., a 
prokaryote, or a non-unicellular microorganism, e.g., a eukaryote. Useful unicellular cells are 
bacterial cells such as gram positive bacteria including, but not limited to, a Bacillus cell, e.g., 
Bacillus alkalophilus, Bacillus amyloliquefaciens, Bacillus brevis, Bacillus circulans, Bacillus 
coagulans, Bacillus lautus, Bacillus lentus, Bacillus licheniformis, Bacillus megaterium, Bacillus 
stearothermophilus, Bacillus subtilis, and Bacillus thuringiensis; or a Streptomyces cell, e.g., 
Streptomyces lividans or Streptomyces murinus, or gram negative bacteria such as £ coli and 
Pseudomonas sp. In a preferred embodiment, the bacterial host cell is a Bacillus lentus, 
Bacillus licheniformis, Bacillus stearothermophilus or Bacillus subtilis cell. 

The transformation of a bacterial host cell may, for instance, be effected by protoplast 
transformation (see, e.g., Chang and Cohen, 1979, Molecular General Genetics 168:111-115), 
by using competent cells (see, e.g., Young and Spizizin, 1961, Journal of Bacteriology 81:823- 
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829, or Dubnar and Davidoff-Abeison, 1971, Journal of Molecular Biology 56:209-221), by 
electroporation (see, e.g., Shigekawa and Dower, 1988, Biotechniques 6:742-751), or by 
conjugation (see, e.g., Koehler and Thome, 1987, Journal of Bacteriology 169:5771-5278). 

The host cell may be a fungal cell. "Fungi" as used herein includes the phyla 
Ascomycota, Basidiomycota, Chytridiomycota, and Zygomycota (as defined by Hawksworth et 
al., In, Ainsworth and Bisby's Dictionary of The Fungi, 8th edition, 1995, CAB International, 
University Press, Cambridge, UK) as well as the Oomycota (as cited in Hawksworth et al., 
1995, supra, page 171) and all mitosporic fungi (Hawksworth et al., 1995, supra). 
Representative groups of Ascomycota include, e.g., Neurospora, Eupenicillium (=Penicillium), 
Emericella (= Aspergillus), Eurotium (= Aspergillus), and the true yeasts listed above. Examples 
of Basidiomycota include mushrooms, rusts, and smuts. Representative groups of 
Chytridiomycota include, e.g., Allomyces, Blastocladiella, Coelomomyces, and aquatic fungi. 
Representative groups of Oomycota include, e.g., Saprolegniomycetous aquatic fungi (water 
molds) such as Achlya. Examples of mitosporic fungi include Aspergillus, Penicillium, Candida, 
and Alternaria. Representative groups of Zygomycota include, e.g., Rhizopus and Mucor. 

The fungal host cell may be a yeast cell. "Yeast" as used herein includes 
ascosporogenous yeast (Endomycetales), basidiosporogenous yeast, and yeast belonging to 
the Fungi Imperfecti (Blastomycetes). The ascosporogenous yeasts are divided into the 
families Spermophthoraceae and Saccharomycetaceae. The latter is comprised of four 
subfamilies, Schizosaccharomycoideae (e.g., genus Schizosaccharomyces), Nadsonioideae, 
Lipomycoideae, and Saccharomycoideae (e.g., genera Pichia, Kluyveromyces and 
Saccharomyces). The basidiosporogenous yeasts include the genera Leucosporidim, 
Rhodosporidium, Sporidiobolus, Filobasidium, and Filobasidiella. Yeast belonging to the Fungi 
Imperfecti are divided into two families, Sporobolomycetaceae (e.g., genera Sorobolomyces 
and Bullera) and Cryptococcaceae (e.g., genus Candida). Since the classification of yeast may 
change in the future, for the purposes of this invention, yeast shall be defined as described in 
Biology and Activities of Yeast (Skinner, FA, Passmore, S.M., and Davenport, R.R., eds, Soc. 
App. Bacteriol. Symposium Series No. 9, 1980. The biology of yeast and manipulation of yeast 
genetics are well known in the art (see, e.g., Biochemistry and Genetics of Yeast, Bacil, M., 
Horecker, B.J., and Stopani, A.O.M., editors, 2nd edition, 1987; The Yeasts, Rose, A.H., and 
Harrison, J.S., editors, 2nd edition, 1987; and The Molecular Biology of the Yeast 
Saccharomyces, Strathern et al., editors, 1981). The yeast host cell may be selected from a cell 
of a species of Candida, Kluyveromyces, Saccharomyces, Schizosaccharomyces, Candida, 



45- 



Pichia, Hansenula, or Yarrowia. In a preferred embodiment, the yeast host cell is a 
Saccharomyces carlsbergensis, Saccharomyces cerevisiae, Saccharomyces diastaticus, 
Saccharomyces douglasii, Saccharomyces kluyveri, Saccharomyces norbensis or 
Saccharomyces oviformis cell. Other useful yeast host cells are a Kluyveromyces lactis, 
Kluyveromyces fragilis, Hansenula polymorpha, Pichia pastoris, Yarrowia lipolytica, 
Schizosaccharomyces pombe, Ustilgo maylis, Candida maltose, Pichia guillermondii and Pichia 
methanolio cell (cf. Gleeson et al., J. Gen. Microbiol. 132, 1986, pp. 3459-3465; US 4,882,279 
and US 4,879,231). 

The fungal host cell may be a filamentous fungal cell. "Filamentous fungi" include all 
filamentous forms of the subdivision Eumycota and Oomycota (as defined by Hawksworth et 
al., 1995, supra). The filamentous fungi are characterized by a vegetative mycelium composed 
of chitin, cellulose, glucan, chitosan, mannan, and other complex polysaccharides. Vegetative 
growth is by hyphal elongation and carbon catabolism is obligately aerobic. In contrast, 
vegetative growth by yeasts such as Saccharomyces cerevisiae is by budding of a unicellular 
thallus and carbon catabolism may be fermentative. In a more preferred embodiment, the 
filamentous fungal host cell is a cell of a species of, but not limited to, Acremonium, Aspergillus, 
Fusarium, Humicola, Mucor, Myceliophthora, Neurospora, Penicillium, Thielavia, 
Tolypocladium, and Trichoderma or a teleomorph or synonym thereof. In an even more 
preferred embodiment, the filamentous fungal host cell is an Aspergillus cell. In another even 
more preferred embodiment, the filamentous fungal host cell is an Acremonium cell. In another 
even more preferred embodiment, the filamentous fungal host cell is a Fusarium cell. In 
another even more preferred embodiment, the filamentous fungal host cell is a Humicola cell. 
In another even more preferred embodiment, the filamentous fungal host cell is a Mucor cell. In 
another even more preferred embodiment, the filamentous fungal host cell is a Myceliophthora 
cell. In another even more preferred embodiment, the filamentous fungal host cell is a 
Neurospora cell. In another even more preferred embodiment, the filamentous fungal host cell 
is a Penicillium cell. In another even more preferred embodiment, the filamentous fungal host 
cell is a Thielavia cell. In another even more preferred embodiment, the filamentous fungal host 
cell is a Tolypocladium cell. In another even more preferred embodiment, the filamentous 
fungal host cell is a Trichoderma cell. In a most preferred embodiment, the filamentous fungal 
host cell is an Aspergillus awamori, Aspergillus foetidus, Aspergillus japonicus, Aspergillus 
niger, Aspergillus nidulans or Aspergillus oryzae cell. In another most preferred embodiment, 
the filamentous fungal host cell is a Fusarium cell of the section Discolor (also known as the 
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section Fusarium). For example, the filamentous fungal parent cell may be a Fusarium 
bactridioides, Fusarium cerealis, Fusarium crookweliense, Fusarium culmorum, Fusarium 
graminearum, Fusarium graminum, Fusarium heterosporum, Fusarium negundi, Fusarium 
reticulatum, Fusarium roseum, Fusarium sambucinum, Fusarium sarcochroum, Fusarium 
sulphureum, or Fusarium trichothecioides cell. In another preferred embodiment, the 
filamentous fungal parent cell is a Fusarium strain of the section Elegans, e.g., Fusarium 
oxysporum. In another most preferred embodiment, the filamentous fungal host cell is a 
Humicola insolens or Humicola lanuginosa cell. In another most preferred embodiment, the 
filamentous fungal host cell is a Mucormiehei cell. In another most preferred embodiment, the 
filamentous fungal host cell is a Myceliophthora thermophilum cell. In another most preferred 
embodiment, the filamentous fungal host cell is a Neurospora crassa cell. In another most 
preferred embodiment, the filamentous fungal host cell is a Penicillium purpurogenum cell. In 
another most preferred embodiment, the filamentous fungal host cell is a Thielavia terrestris cell 
or an Acremonium chrysogenum cell. In another most preferred embodiment, the Trichoderma 
cell is a Trichoderma harzianum, Trichoderma koningii, Trichoderma longibrachiatum, 
Trichoderma reesei or Trichoderma viride cell. 

The use of Aspergillus spp. for the expression of proteins is described in, e.g., EP 272 
277, EP 230 023. Fungal cells may be transformed by a process involving protoplast formation, 
transformation of the protoplasts, and regeneration of the cell wall in a manner known per se. 
Suitable procedures for transformation of Aspergillus host cells are described in EP 238 023 
and Yelton et al., 1984, Proceedings of the National Academy of Sciences USA 81:1470-1474. 
A suitable method of transforming Fusarium species is described by Malardier et al., 1989, 
Gene 78:147-156 or in copending US Serial No. 08/269,449. Examples of other fungal cells are 
cells of filamentous fungi, e.g. Aspergillus spp., Neurospora spp., Fusarium spp. or 
Trichoderma spp., in particular strains of A. oryzae, A. nidulans or A. niger. The transformation 
of F. oxysporum may, for instance, be carried out as described by Malardier et al., 1989, Gene 
78: 147-156. 

Yeast may be transformed using the procedures described by Becker and Guarente, In 
Abelson, J.N. and Simon, M.L, editors, Guide to Yeast Genetics and Molecular Biology, 
Methods in Enzymology, Volume 194, pp 182-187, Academic Press, Inc., New York; Ito et al., 
1983, Journal of Bacteriology 153:163; and Hinnen et al., 1978, Proceedings of the National 
Academy of Sciences USA 75:1920. Mammalian cells may be transformed by direct uptake 
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using the calcium phosphate precipitation method of Graham and Van der Eb (1978, Virology 
52:546). 

The transformed or transfected host cells described above are cultured in a suitable 
nutrient medium under conditions permitting the expression of the desired polypeptide, after 
5 which the resulting polypeptide is recovered from the cells, or the culture broth. 

The medium used to culture the cells may be any conventional medium suitable for 
growing the host cells, such as minimal or complex media containing appropriate supplements. 
Suitable media are available from commercial suppliers or may be prepared according to 
published recipes (e.g. in catalogues of the American Type Culture Collection). The media are 
10 prepared using procedures known in the art (see, e.g., references for bacteria and yeast; 

Bennett, J.W. and LaSure, L, editors, More Gene Manipulations in Fungi, Academic Press, CA, 
3 1991). 

jj; If the polypeptide is secreted into the nutrient medium, the polypeptide can be recovered 

ft directly from the medium.. If the polypeptide is not secreted, it is recovered from cell lysates. 
|s The polypeptide are recovered from the culture medium by conventional procedures including 
2 separating the host cells from the medium by centrifugation or filtration, precipitating the 
proteinaceous components of the supernatant or filtrate by means of a salt, e.g. ammonium 
i sulphate, purification by a variety of chromatographic procedures, e.g. ion exchange 
1 chromatography, gelfiltration chromatography, affinity chromatography, or the like, dependent 
|o on the type of polypeptide in question. 

I The polypeptides may be detected using methods known in the art that are specific for 

the polypeptides. These detection methods may include use of specific antibodies, formation of 
an enzyme product, or disappearance of an enzyme substrate. For example, an enzyme assay 
may be used to determine the activity of the polypeptide. 

25 The polypeptides of the present invention may be purified by a variety of procedures 

known in the art including, but not limited to, chromatography (e.g., ion exchange, affinity, 
hydrophobic, chromatofocusing, and size exclusion), electrophoretic procedures (e.g., 
preparative isoelectric focusing (IEF), differential solubility (e.g., ammonium sulfate 
precipitation), or extraction (see, e.g., Protein Purification, J.-C. Janson and Lars Ryden, 

30 editors, VCH Publishers, New York, 1989). 
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Detailed description of the Invention 

A method for increasing the number of copies of an amplification unit integrated into a 
host cell chromosome, according to the first, second, or, third aspect of the invention. 

In the industry there are a number of preferred bacterial host cells, especially Gram- 
positive microorganisms are desirable. 

Accordingly in a preferred embodiment the invention relates to the method of the first 
two aspects, wherein the host cell is a Gram-positive bacterial cell, preferably a Bacillus cell, 
more preferably a Bacillus cell of a species chosen from the group consisting of Bacillus 
alkalophilus, Bacillus amyloliquefaciens, Bacillus brevis, Bacillus circulans, Bacillus clausii, 
Bacillus coagulans, Bacillus lautus, Bacillus lentus, Bacillus licheniformis, Bacillus megaterium, 
Bacillus stearothermophilus, Bacillus subtilis, and Bacillus thuringiensis; and most preferably a 
Bacillus licheniformis cell. 

A host cell is susceptible to an inhibitory compound, if the host cell has reduced growth 
rate in the presence of the compound when compared to the growth rate in the absence of the 
compound in a growth medium, or if the host cell becomes non-culturable in the presence or 
the compound, or if the host cell is killed in the presence of the compound. Antibiotics fall under 
this definition of inhibitory compounds however not all inhibitory compounds are classified as 
classical antibiotics. 

The inhibitory compound may be endogenously produced by the host cell as part of the 
host cell's normal metabolism, where the compound is normally not found in inhibitory 
concentrations. Rendering a chromosomal gene of the host cell non-functional may result in the 
accumulation of an endogenously produced inhibitory compound within the host cell resulting in 
an inhibitory concentration of the compound. In some cases the inhibitory compound is only 
produced in the host cell when the host cell is cultivated in the presence of a precursor. In a 
preferred embodiment of the invention the inhibitory compound is UDP-galactose. 

Preferable examples of precursors are galactose containing compounds - such as 
lactoses, melibioses, raffinoses, stachyoses, verbascoses and galactinola. More preferable 
precursors of galactose include alpha-lactose (beta-D-galactopyranosyl-[1->4]-alpha-D- 
glucose), and other substrates which liberates free D-galactose upon hydrolysis by either alpha- 
galactosidases or beta-galactosidases. Other examples of potentially useful precursors for use 
in the method of the invention are chemically derivatized forms of galactose, preferably 
chemical derivatives of D-galactose, from which D-galactose can be liberated by use of 
appropriate techniques, such as enzyme action, where the appropriate enzyme may be 
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comprised in the medium or may be added to the medium or may indeed be secreted into the 
medium by the host cell. By way of example suitable derivatives are D-galactose pentaacetate 
and D-galactose methyl gaiactoside. Preferably the medium may comprise a derivative of 
galactose, such as galactose-1 -phosphate or UDP-galactose. 

Accordingly in a preferred embodiment the invention relates to the method of the first, 
second or third aspects, wherein the chromosomal gene of step a) encodes an enzyme, 
preferably chosen from the group consisting of galactokinase (EC 2.7.1.6), UTP-dependent 
pyrophosphorylase (EC 2.7.7.10), UDP-glucose-dependent uridylyltransferase (EC 2.7.7.12), 
UDP-galactose epimerase (EC 5.1.2.3); more preferably the chromosomal gene of step a) 
encodes an enzyme with UDP-galactose epimerase activity (EC 5.1.2.3), and most preferably 
the chromosomal gene of step a) is galE. 

Further in a preferred embodiment the invention relates to the method of the first, 
second, or third aspects, wherein the inhibitory compound is UDP-galactose. 

Still further in a preferred embodiment the invention relates to the method of the first, 
second, or third aspects, wherein the precursor is free galactose, preferably free D-galactose; 
more preferably the precursor can be degraded to produce free galactose, or preferably free D- 
galactose; even more preferably the precursor is lactose, melibiose, raffinose, stachyose, 
verbascose or galactinol. 

Another preferred embodiment of the invention relates to the method of the first, 
second, or third aspects, wherein the medium comprises an enzyme capable of degrading the 
precursor to produce free galactose, or preferably free D-galactose. 

One preferred embodiment of the invention relates to the method of the first, second, or 
third aspects, wherein the host cell secretes an enzyme into the medium which is capable of 
degrading the precursor to produce free galactose, or preferably free D-galactose, preferably 
the enzyme is a galactosidase, preferably an alpha-galactosidase or a beta-galactosidase. 

As mentioned above this invention also concerns a nucleic acid construct as defined 
elsewhere herein along with one or more components also described elsewhere herein that 
may be comprised in the construct. 

Consequently a preferred embodiment of the invention relates to the method of the first, 
second, or third aspects, wherein the nucleic acid construct is a plasmid. 

In a non-limiting example shown herein of the method of the invention it is demonstrated 
how antibiotic selectable markers may be comprised in the nucleic acid construct of the 
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invention, and also how such markers may eventually be removed from the host cell by the help 
of specific resolvase enzymes, a technique which is well known in the art. 

Accordingly a preferred embodiment of the invention relates to the method of the first, 
second, or third aspects, wherein the nucleic acid construct further comprises an antibiotic 
5 selection marker, preferably flanked by resolvase sites or res-sites. 

As described supra chromosomal integration of a vector or a smaller part of a vector - 
such as an amplification unit as defined supra - into the genome of the host cell can be 
achieved by a number of ways. A non-limiting example of integration by homologous 
recombination was shown herein, 
o A preferred embodiment of the invention relates to the method of the first, second, or 

third aspects, wherein the amplification unit further comprises a nucleotide sequence with a 
homology to a chromosomal nucleotide sequence of the host cell sufficient to effect 
chromosomal integration in the host cell of the amplification unit by homologous recombination, 
preferably the amplification unit further comprises a nucleotide sequence of at least 100 bp, 
f 5 preferably 200 bp, more preferably 300 bp, even more preferably 400 bp, and most preferably 
at least 500 bp with an identity of at least 70%, preferably 80%, more preferably 90%, even 
more preferably 95%, and most preferably at least 98% identity to a chromosomal nucleotide 
J sequence of the host cell. 

I In a non-limiting example integration into the chromosome of a host cell can be selected 

lo for by first rendering a conditionally essential host cell gene non-functional as described 
elsewhere herein, thereby rendering the host cell selectable, then targetting the vector's 
integration by including on this a likewise non-functional copy of same host gene of a size that 
allows homologous recombination between the two different copies of the non-functional host 
genes in the genome of the host cell and on the integration vector - where such a 

25 recombination will restore a functional copy of the gene, thus leaving the host cell selectable. 

Accordingly a preferred embodiment of the invention relates to the method of the first, 
second, or third aspects, wherein the nucleotide sequence comprised in the amplification unit is 
a partial non-functional copy of a conditionally essential gene of the host cell, wherein the host 
cell prior to the first step of the invention has had the conditionally essential gene rendered non 

30 functional by a partial deletion, and wherein a recombination event between the partial copy of 
the gene comprised in the amplification unit and the partial chromosomal gene restores a 
functional chromosomal gene; preferably the conditionally essential gene encodes a D-alanine 
racemase, preferably the conditionally essential gene is dal. 



21- 



Another preferred embodiment of the invention relates to the method of the first, 
second, or third aspects, wherein a first amplification unit integrates into the host cell 
chromosome by homologous recombination with the partially deleted conditionally essential 
gene and renders the gene functional. 

Yet another preferred embodiment of the invention relates to the method of the first, 
second, or third aspects, wherein the amplification unit further comprises an antibiotic marker, 
preferably flanked by resoivase sites or res-sites; preferably a host cell comprising a first 
chromosomally integrated amplification unit is selected and the antibiotic marker excised from 
the host cell chromosome by a resoivase prior to the next step in the method. 

In the industrial production of polypeptides it is of interest to cultivate a host cell 
comprising several copies of a gene encoding a polypeptide of interest to achieve high yields. 

A preferred embodiment of the invention relates to the method of the first, second, or 
third aspects, wherein the gene of interest encodes a polypeptide of interest, preferably the 
polypeptide is an enzyme such as a protease; a cellulase; a lipase; a xylanase; a 
phospholipase; or preferably an amylase. 

Another preferred embodiment of the invention relates to the method of the first, 
second, or third aspects, wherein the polypeptide is a hormone, a pro-hormone, a pre-pro- 
hormone, a small peptide, a receptor, or a neuropeptide. 

In the present invention the expressably copy of a chromosomal gene as defined above 
is transcribed at a reduced level compared to the wild type level of the gene in the host cell. 

One preferred embodiment of the invention relates to the method of the first, second, or 
third aspects, wherein the expressable copy of the chromosomal gene comprised in an 
amplification unit integrated in the host cell chromosome has a reduced transcription level 
compared to the transcription level of the wild type gene of the host cell, preferably the 
transcription level is reduced with a factor of 100, preferably 50, more preferably 10, even more 
preferably 5, and most preferably with a factor of 2; preferably the expressable copy of the 
chromosomal gene comprised in the amplification unit is promoterless, more preferably the 
expressable copy of the chromosomal gene comprised in the amplification unit has a 
transcription terminator located upstream of the gene. 

In a non-limiting example herein the gene of interest is located upstream from the 
expressable copy of the chromosomal gene and the two genes are co-transcribed from the 
promoter of the gene of interest. 
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A preferred embodiment of the invention relates to the method of the first, second, or 
third aspects, wherein the gene of interest is located upstream of the expressable copy of the 
chromosomal gene within the amplification unit and wherein the two genes are co-directionally 
transcribed; preferably the expressable copy of the chromosomal gene is expressed by read- 
through transcription from the gene of interest. 

The method of the present invention provides a number of genetic tools that are 
advantageous in the invention. 

In a preferred embodiment the invention relates to the amplification unit of the fourth 
aspect of the invention wherein the chromosomal gene encodes an enzyme, preferably chosen 
from the group consisting of galactokinase (EC 2.7.1.6), UTP-dependent pyrophosphorylase 
(EC 2.7.7.10), UDP-glucose-dependent uridylyltransferase (EC 2.7.7.12), UDP-galactose 
epimerase (EC 5.1.2.3); preferably the chromosomal gene encodes an enzyme with UDP- 
galactose epimerase activity (EC 5.1.2.3); more preferably the chromosomal gene is galE. 

In the industrial production of polypeptides it is of interest to cultivate a host cell 
comprising several copies of a gene encoding a polypeptide of interest to achieve high yields. 

Accordingly a preferred embodiment of the invention relates to the amplification unit of 
the fourth aspect of the invention wherein the gene of interest encodes a polypeptide of 
interest; preferably the polypeptide is an enzyme such as a protease; a cellulase; a lipase; a 
xylanase; a phospholipase; or preferably an amylase. 

Another preferred embodiment of the invention relates to the amplification unit of the 
fourth aspect of the invention wherein the polypeptide is a hormone, a pro-hormone, a pre-pro- 
hormone, a small peptide, a receptor, or a neuropeptide. 

Yet another preferred embodiment of the invention relates to the amplification unit of the 
fourth aspect of the invention wherein the expressable copy of the chromosomal gene is 
promoterless; preferably the expressable copy of the chromosomal gene has a transcription 
terminator located upstream of the gene; and preferably the gene of interest is located 
upstream of the expressable copy of the chromosomal gene and wherein the two genes are co- 
directionally transcribed, more preferably the expressable copy of the chromosomal gene is 
expressed by read-through transcription from the gene of interest. 

A preferred embodiment of the invention relates to the amplification unit of the fourth 
aspect of the invention which further comprises an antibiotic marker, preferably flanked by 
resolvase sites or res-sites. 
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As mentioned above the method of invention also provides a number of genetic tools, a 
nucleic acid construct comprising a unit as defined in any of the previous embodiments of the 
fourth aspect. 

The method of the invention provides a host cell of interest for the industry; a host cell 
wherein a chromosomal gene has been rendered non-functional leaving the host cell 
susceptible to an inhibitory compound endogenousiy produced by the host cell when cultivated 
in a medium comprising a precursor; and wherein the host cell comprises an amplification unit 
as defined in any of the embodiments of the fourth aspect or a nucleotide construct as defined 
in the fifth aspect. 

Accordingly a preferred embodiment of the invention relates to the host cell of the sixth 
aspect, wherein the host cell is a Gram-positive bacterial cell, preferably a Bacillus cell, more 
preferably a Bacillus cell of a species chosen from the group consisting of Bacillus alkalophilus, 
Bacillus amyloliquefaciens, Bacillus brevis, Bacillus circulans, Bacillus clausii, Bacillus 
coagulans, Bacillus lautus t Bacillus lentus, Bacillus licheniformis, Bacillus megaterium, Bacillus 
stearothermophilus, Bacillus subtilis, and Bacillus thuringiensis; and most preferably a Bacillus 
licheniformis cell. 

In another preferred embodiment the invention relates to the host cell of the sixth 
aspect, wherein the chromosomal gene encodes an enzyme, preferably the enzyme is chosen 
from the group of enzymes consisting of galactokinase (EC 2.7.1.6), UTP-dependent 
pyrophosphatase (EC 2.7.7.10), UDP-glucose-dependent uridylyltransferase (EC 2.7.7.12), 
UDP-galactose epimerase (EC 5.1.2.3), more preferably the enzyme is an UDP-galactose 
epimerase (EC 5.1.2.3), and most preferably the enzyme is encoded by galE. 

In yet another preferred embodiment the invention relates to the host cell of the sixth 
aspect, where the inhibitory compound is UDP-galactose and preferably where the precursor is 
free galactose, preferably free D-galactose; even more preferably the precursor can be 
degraded to produce free galactose, or preferably free D-galactose; even more preferably the 
precursor is lactose, melibiose, raffinose, stachyose, verbascose or galactinol; yet even more 
preferably the medium comprises an enzyme capable of degrading the precursor to produce 
free galactose, or preferably free D-galactose. 

A preferred embodiment of the invention relates to the host cell of the sixth aspect, 
where the host cell secretes an enzyme into the medium which is capable of degrading the 
precursor to produce free galactose, or preferably free D-galactose; more preferably the 
enzyme is a galactosidase, preferably an alpha-galactosidase or a beta-galactosidase. 
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Another preferred embodiment of the invention relates to the host cell of the sixth 
aspect, wherein the amplification unit further comprises a nucleotide sequence of at least 100 
bp, preferably 200 bp, more preferably 300 bp, even more preferably 400 bp, and most 
preferably at least 500 bp with an identity of at least 70%, preferably 80%, more preferably 
90%, even more preferably 95%, and most preferably at least 98% identity to a chromosomal 
nucleotide sequence of the host cell. 

A preferred embodiment of the invention relates to the host cell of the sixth aspect, 
wherein the nucleotide sequence comprised in the amplification unit is a partial non-functional 
copy of a conditionally essential gene of the host cell, wherein the host cell has had the 
conditionally essential gene rendered non functional by a partial deletion, and wherein a 
recombination event between the partial copy of the gene comprised in the amplification unit 
and the partial chromosomal gene has restored a functional chromosomal gene; preferably the 
conditionally essential gene encodes a D-alanine racemase, preferably the conditionally 
essential gene is dal. 

Another preferred embodiment of the invention relates to the host cell of the sixth 
aspect, wherein the expressable copy of the chromosomal gene of the amplification unit has a 
reduced transcription level compared to the transcription level of the wild type gene of the host 
cell, preferably the transcription level is reduced with a factor of 100, preferably 50, more 
preferably 10, even more preferably 5, and most preferably with a factor of 2. 

Finally the invention provides a process for producing a polypeptide of interest, wherein 
the process comprises a step of cultivating a host cell as defined in any of the embodiments of 
the sixth aspect. 

Accordingly a preferred embodiment of the invention relates to the process of the final 
aspect, wherein the polypeptide is an enzyme such as a protease; a cellulase; a lipase; a 
xylanase; a phospholipase; or preferably an amylase. 

Another preferred embodiment of the invention relates to the process of the final aspect, 
wherein the polypeptide is a hormone, a pro-hormone, a pre-pro-hormone, a small peptide, a 
receptor, or a neuropeptide. 

Introduction to Examples 

In order to use the galE gene as a marker in S. subtilis, it is necessary to delete the 
native galE gene on the chromosome. This mutant will be tested on different medias with and 
without galactose and glucose to confirm the phenotype. 
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To enable an evaluation of the galE gene as an amplification marker, we decided to 
subclone the gene on an amplification vector comprising an AA560 amylase encoding gene as 
a reporter enzyme to determine the actual expression level of clones with single and multiple 
copies. Selection for multiple copies of the galE gene requires that the gene is expressed at a 
very low level. A weakly expressed galE gene will assure that only clones with many copies and 
sufficient expression of the epimerase will allow growth in the presence of galactose. The 
subduing of galE expression is done by subcloning galE without expression signals downstream 
of the transcriptional terminator of the AA560 amylase gene. Transcription of galE is then 
dependant of the AA560 promoter and the very limited transcriptional read-through of the 
terminator. 

The amplification vector also comprises the C-terminal part of the dal gene which can 
complement a dal-minus B. subtilis with a C-terminal deletion of the dal gene. Transformation of 
the dal-minus B. subtilis \Nith this amplification plasmid will enable direct selection for integration 
at the dal locus, when plated on media without D-alanine. 

Materials and Methods 
Strains and Donor Organisms 

Bacillus subtilis PL1801: This strain is a B. subtilis DN1885 which has disrupted apr and 
npr genes (Diderichsen, B et al. 1990. Cloning of aldB, which encodes alpha-acetolactate 
decarboxylase, an exoenzyme from Bacillus brevis. J. Bacteriol., 172, 4315-4321). 

B. subtilis DN1886: This strain is a B. subtilis DN1885 with a disrupted dal gene. 

B. subtilis PL1955: This strain is a B. subtilis PL1801 carrying the plasmid pE194 which 
can deliver the RepF protein to support replication of replication-minus pE194 derivatives 
lacking the repF gene. 

S. subtilis MOL1794: This strain is a B, subtilis PL1801 where the galE gene was 
replaced with a kanamycine resistance gene by use of the plasmid pMOL1748 (SEQ ID NO:1). 

B. subtilis MOL1805: This strain is a DN1686 (dal-) strain where the galE gene was 
replaced with a kanamycine resistance gene. 

B. subtilis MOL1875: This strain is a MOL1805 where the kanamycine resistance gene 
gene was excised (dal-, galE-, no antibiotic markers). 

Plasmids 
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PMOL1748 (SEQ ID N0:1): This plasmid is a pE194 derivative (Horinouchi, S and 
Weisblum, B. s 1982, J. Bacterid. 150:804-814) essentially containing elements making the 
plasmid propagatable in Bacillus subtilis, a kanamycin resistance gene, a gene conferring 
resistance to erythromycine, two flanking fragments from B. subtilis galE inserted upstream and 
downstream of the kanamycine resistance gene, two direct repeats that signify the res site from 
pAMpI and a fragment from pUB1 10 coding for the origin of transfer (McKenzie, T. et al., 1986, 
Plasmid 15:93-103). This plasmid is used for deleting the galE gene in the B. subtilis strains 
PL1801 and DN1686. 





Table 1 : 


pMOL1748 (6405 bp) 




Position (hri\ 


Si7P (hrA 


Flpmpnt fhn\ 


Orinin 
vji ly ii i 


429-432 

\C—yJ Tut. 


4 


I inkpr 


Qvnthptip 
wyi ili icuu 


433-605 


173 


res site from pAMpI 


E faecalis 


606-978 


373 


Downstream galE seq 


S. subtilis 


979-1038 


60 


Linker 


Synthetic 


1039-4768 


3730 


pE194 


S. aureus 


4769^779 


11 


Linker sequence 


Synthetic 


4780-5317 


538 


PUB110 


S. aureus 


5318-5342 


25 


Linker 


Synthetic 


5343-5666 


324 


Upstream galE seq. 


8. subtilis 


5667-5685 


19 


Linker 


Synthetic 


5686-5858 


173 


Res site from pAMpi 


E. faecalis 


5859-5864 


6 


Linker 


Synthetic 


5865-428 


969 


PUB110(Kan gene) 


S. aureus 



pMOL1807 (SEQ ID NO:2) and pMOL1809 (SEQ ID NO:3): These plasmids are 
replication-minus pE194 derivatives (Horinouchi, S and Weisblum, B., 1982, J. Bacteriol. 
150:804-814) containing the origin of replication but lacking the repF gene coding for the 
replication protein. The repF deleted plasmid is totally dependant on replication protein 
delivered in trans from either a second plasmid or a chromosomally encoded repF gene in order 
to replicate. The plasmids codes for the kanamycine resistance gene, an alpha-amylase 
designated AA560, a promoterless galE gene of B. subtilis, the C-terminal part of a dal gene for 
complementation of the dal-minus phenotype in DN1686 and derivatives thereof (such as 



27- 



MOL1875). The alpha-amylase gene and the galE gene are transcriptionally fused in both 
plasmids but the pMOL1807 (SEQ ID N0:2) plasmid also has a transcriptional terminator 
located between the two genes, which only allows minor transcriptional read-through. These 
plasmids are used for integration and amplification studies in the dal locus of MOL1875. 



Table 2: pMOL1807 (5943 bp) 



Position (bp) 


Size (bp) 


Element (bp) 


Origin 


5-828 


824 


C-terminal dal 


B. subtilis 






sequence 




829-833 


5 


Linker sequence 


Synthetic 


834-2045 


1212 


pUB110 (Kana) 


S. dureus 


2046-2066 


21 


Linker sequence 


Svnthetic 


2067-2316 


250 


pE194 (ori) 


S QUfQUS 


2317-2328 


12 


Linker sequence 


Svnthetic 


2329-2884 


556 


DUB110 form 


w> CiU/uUO 


2885-2904 


20 


Linker sea ue nee 


Svnthptir 


2905-3167 


263 


amvl nrnmntpr and 


LJ. IlLrl Id IIIUl I f/#0 






signal peptide 




3168-3176 


9 


Linker sequence 


Synthetic 


3177-4631 


1455 


Alpha-amylase AA560 


B. species 






(NN5820) 




4632-4660 


29 


Linker sequence 


Synthetic 


4661-4776 


116 


AmyL terminator 


S. licheniformis 


4777-4803 


27 


Linker sequence 


Synthetic 


4804-5942 


1139 


Gale 


B. subtilis 


5943-4 


5 


Linker sequence 


Synthetic 
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Table 3: pM0L1 809 (5793 bp) 


Position (bp) 


Size (bp) 


Element (bp) 


Origin 


5-828 


824 


C-terminal dal 


S subtilis 






sequence 




829-833 


5 


Linker sequence 


Synthetic 


834-2045 


1212 


PUB110 (Kana) 


W» CI VI I cuo 


2046-2066 


21 


Linker sequence 


Svnthetic 


2067-2316 


250 


pE194 (ori) 




2317-2328 


12 


Linker sequence 


Svnthptir 

III ICUw 


2329-2884 


556 


pUB110(oriT) 


S aureus 


2885-2904 


20 


Linker sequence 


Svnthetic 


2905-3167 


263 


amyL promoter and 


B lichenifnrmfc 






signal peptide 




3168-3176 


9 


Linker seauence 


Oy J III l(7ULr 


3177-4631 


1455 


Alpha-amylase AA560 


B. species 






(NN5820) 




4632-4653 


22 


Linker sequence 


Synthetic 


4654-5792 


1139 


AmyL terminator 


B. licheniformis 


5793-4 


5 


Linker sequence 


Synthetic 



pWT: a temperature sensitive, high copy number pAM 1 derivative plasmid comprising a gene 
coding for the resolvase enzyme from pAMbetal which can act on resolvase recognition sites 
(res) and an Erm resistance marker. 



Media 

TY (as described in Ausubei, F. M. et al. (eds.) "Current protocols in Molecular Biology". 
John Wiley and Sons, 1995). 

LB agar (as described in Ausubei, F. M. et al. (eds.) "Current protocols in Molecular 
Biology". John Wiley and Sons, 1995). LBP is LB agar supplemented with 0.05 M potassium 
phosphate, pH 7.0. LBPG is LB agar supplemented with 0.5% Glucose and 0.05 M potassium 
phosphate, pH 7.0. LBPSK is LB agar supplemented with 0.05 M potassium phosphate, pH 7.0 
and 1% of skimmed milk. 
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BPX media is described in EP 0 506 780 (WO 91/09129). 

TSS agar (as described in Fouet A. and Sonenshein, A. L. (1990) A Target for Carbon 
Source-Dependant Negative Regulation of the citB Promoter of Bacillus subtilis. J. Bacteriol., 
172,835-844). 

TSSara medium is TSS medium supplemented with 0.2% arabinose 
When appropriate, glucose was replaced with 0.5% galactose unless otherwise stated. 
For plates, 2% agar was added for solid media. For amylase phenotypic detection the plates 
were supplemented with 0.2% starch. When appropriate 10 mg/ml kanamycine was added. 

Propagation of PL1 801 strain. 

The Bacillus subtilis strain PL1801 was propagated in liquid medium 3 as specified by 
ATCC (American Type Culture Collection, USA). After 18 hours incubation at 37°C and 300 
rpm, the cells were harvested, and genomic DNA was isolated by the method described below. 

Genomic DNA Preparation 

The Bacillus subtilis strain PL1801 was propagated in liquid media as described above. 
The cells were harvested, and genomic DNA was isolated by the method described by Pitcher 
et al. 1989. Rapid extraction of bacterial genomic DNA with guanidium thiocyanate; Lett Appl 
Microbiol 8:151-156. 

General molecular biology methods 

Unless otherwise mentioned the DNA manipulations and transformations were 
performed using standard methods of molecular biology (Sambrook et al. 1989. Molecular 
cloning: A laboratory manual, Cold Spring Harbor lab., Cold Spring Harbor, NY; Ausubel, F. M. 
et al. (eds.) "Current protocols in Molecular Biology". John Wiley and Sons, 1995; Harwood, C. 
R., and Cutting, S. M. (eds.) "Molecular Biological Methods for Bacillus". John Wiley and Sons, 
1990). 

Competent cells were prepared and transformed as described by Yasbin, R.E. et al. 
1975. Transformation and transfection in lysogenic strains of Bacillus subtilis: evidence for 
selective induction of prophage in competent cells. J. Bacteriol, 121:296-304. 

Enzymes for DNA manipulations were used according to the specifications of the 
suppliers (e.g. restriction endonucleases, ligases etc. are obtainable from New England Biolabs, 
Inc.). 
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PCR reactions were performed using High Fidelity DNA Polymerase (Boeringer 
Mannheim) according to manufacturers instructions. The PCR reaction was set up in PCR 
buffer containing 200 |jM of each dNTP, 2.5 units of High Fidelity DNA Polymerase and 100 
pmol of each primer. 

The PCR reactions were performed using a DNA thermal cycler PTC-200 (MJ 
Research). One incubation at 94°C for 1 min followed by thirty cycles of PCR performed using a 
cycle profile of denaturation at 94°C for 10 sec, annealing at 60oC for 30 sec, and extension at 
72°C for 2 min. Five pi aliquots of the amplification product were analysed by electrophoresis in 
0.7 % agarose gels (NuSieve, FMC) to verify a DNA fragment of the correct size. 

Fermentations 

Fermentations to evaluate amylase yields were performed in shake flasks with 100 ml 
BPX at 300°C, 300 rpm for five days. Culture volumes of 10 ml were harvested and centrifuged 
at 10.000 g to remove cells and debris. The clear supernatants were used for assaying alpha- 
amylase activity or were loaded on SDS gels. 

Assay for alpha-amylase activity 

Alpha-amylase activity was determined by a method employing an enzymatic 
colorimetric test with 4,6-ethylidene(G7)-p-nitrophenyl(G1)-a,D-maltoheptaoside (ethylidene- 
G7PNP) as substrate (Boehringer Mannheim, Germany art. 1442309). Under a specified set of 
conditions (temp., pH, reaction time, buffer conditions) 1 mg of a given alpha-amylase will 
hydrolyse a certain amount of substrate and a yellow colour will be produced. The colour 
intensity is measured at 405 nm. The measured absorbance is directly proportional to the 
activity of the alpha-amylase in question under the given set of conditions. 

SDS-page 

SDS-page was performed on a Novex (Novex, San Diego) gradient Tricine 10-20% gel 
under denaturing conditions as prescribed by manufacturer. 

EXAMPLES 

Deletion of galE in B. subtilis 

A temperature sensitive plasmid was constructed for the purpose of deleting the galE 
gene in S. subtilis. Two flanking sequences upstream and downstream of the galE gene were 



amplified by PCR and inserted on each side of a kanamycine (Kan) marker in the plasmid 
which further comprised an erythromycine (Erm) resistance marker. The primer sequences 
used in the PCR amplifications are as follows: 

Upstream galE fragment: 

B5860H10 (SEQ ID NO:4): TTACATCCGCGGGTGAGGAAAGACAGGAC 
B5860H11 (SEQ ID NO:5): TAGTGAATTCAGAACCGGTCCACATCC 

Downstream galE fragment: 

181804 (SEQ ID NO:6): TGTTCCCGAGAATGGAGGCCTTCTCAATTG 

181805 (SEQ ID NO:7): TGGTTGTCGACATCTGAGGGAGGTACAATTGTAGCTG 

The resulting plasmid pMOL1748 (SEQ ID NO:1) was transferred to B. subtilis PL1801 
and plated on LBPG media with 5 pg/ml erytromycine (Erm). The colonies were re-streaked 
twice on plates at 500°C to select for integration of the plasmid at the galE locus. The clones 
were grown in plain TY at 330C over 4 days to allow for excition and loss of the plasmid leaving 
the Kan marker in place of the galE gene. The strain MOL1794 was screened as being Kan 
resistant and Erm sensitive. 

A galE deletion strain designated MOL1794 was tested on selective TSS minimal media 
supplemented with 0.2% galactose and 0.2% gluconate. The original B. subtilis PL1801 (galE+) 
strain showed fine growth on these plates while the galE- strain MOL 1794 showed no growth 
even after several days of incubation. On control TSS plates supplemented with 0.2% 
gluconate, both strains grew. The reported toxic effect of galactose on a galE- strain is 
therefore confirmed. 

The galE deletion was transferred to an isogenic D-alanine racemase negative (da!-) 
strain designated DN 1886 by simple chromosomal transformation and selection for transfer of 
the Kan resistance. A dal- galE- strain was isolated and designated MOL1805. 

The Kan resistance marker located in the galE locus of MOL1794 and MOL1805 was 
flanked by resolvase recognition sites (res) which allow a specific excision reaction in the 
presence of a resolvase. In order to remove the Kan marker from the chromosome, MOL1794 
and MOL1805 were both transformed with pWT which is a temperature sensitive plasmid 
comprising a gene coding for resolvase and an Erm resistance marker. Transformants were 
selected on plates with 5 pg/ml Erm, they were tested for loss of the Kan marker and further re- 
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streaked twice on plates with no antibiotics at 500°C to cure the strains of the pWT plasmid. 
Selected clones were screened for loss of Erm resistance and Kan resistance and were 
designated MOL1875 (DN1886, dal-, galE-; no antibiotic markers) and MOL1877 (PL1801, 
galE-; no antibiotic markers). 

Amplification plasmids 

Two different amplification plasmids with (pMOL.1807; SEQ ID NO:2) and without 
(pMOL1809; SEQ ID NO:3) a transcriptional terminator between the AA560 amylase encoding 
gene and galE were constructed. The PCR-primers used for fragment amplification in the 
construction of the plasmids were as follows: 
C-terminal dal fragment: 

188502 (SEQ ID NO:8): TTTTCATCGATACTAGTGTGCACGGATCCATCTGAAGGT 
CGATACGGG 

188836 (SEQ ID NO:9): TTGTTTGTCGACGCAAAGCTGTTTTATGAATTCTCC 
galE fragment primers: 

190694 (SEQ ID NO:10): TTTTGGCCCAGCCGGCCMCAGGTCATTTTTTAGGAGGG 

190695 (SEQ ID NO: 11): TTATTGGATCCGTGAAAATCAAATAACAGCTAACAAGGG 
190697 (SEQ ID NO:12): TTTTCATCGATAACAGGTCATTTTTTAGGAGGG 

Amplification experiments 

The two amplification plasmids pMOL1807 (SEQ ID NO:2) and pMOL1809 (SEQ ID 
NO:3) were introduced by transformation into MOL1875 (dal-, galE-) and plated on solid LBPA 
media (LB + phosphate + 0.2 % starch) without D-alanine to select for complementation of the 
dal phenotype. Transformants growing on these plates had integrated the plasmids into the dal 
locus and converted the dal- phenotype to dal+. All transformants showed clearing zones on 
the starch medium plates which indicated integration and expression of the AA560 amylase 
also. The site of integration was verified by PCR and the clones were re-streaked on TSSara 
minimal media both with and without galactose to study the galE expression. Clones with 
integration of pMOL1807 (SEQ ID NO:2) holding the terminator between the AA560 amylase 
and the galE gene showed no growth on galactose plates. This phenotype demonstrated that a 
single copy of the artificial AA560-galE fusion in this construct did not express sufficient GalE 
epimerase to remove the toxic UDP-galactose that was accumulated in the cells in the 
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presence of galactose. The other construction, pMOL1809 (SEQ ID NO:3) without a 
transcriptional terminator between the two genes showed some growth on TSS plates with 
galactose. 

From these results it was clear that pMOL1807 (SEQ ID NO:2) had the potential to be 
used as an amplification unit in the presence of galactose. 

The amplification procedure using galactose as the active agent can be performed in 
many different ways using both plates and broth cultures with different levels of galactose and 
other suger compounds or precursors from which free galactose can be released. We 
performed a number of different amplification procedures to evaluate their efficiency. The 
following table is a thorough description of the different amplification steps each transformant 
goes through before inoculation in a shakeflask (100 ml BPX). The Kan marker makes it 
possible to amplify by using Kan in the traditional way and then to compare the amplification 
efficiency to the galactose method of the invention. 



# 


Amplification method 


KNU(T)/g 


1 


Transformant directly from LBPA 


2.54 


2 


Transformant directly from LBPA 


2.16 


3 


Transformant on LBPA, re-streaked 3 x 


2.01 


4 


MOL1815 (single copy transformant) 


3.63 


5 


Transformant on LBPA 

>re-streaked on TSS + 0.2% ara + 0.5% gal 


5.09 


6 


as # 5 + 2% gal in shakeflask 


4.53 


7 


Transformant on LBPA 

>2x(innoc. in liquid TSS + 0.2% ara + 0.5% gal) 
>2x(re-streaked on TSS + 0.2% ara + 0.5% gal) 


4.77 


8 


as # 8 + 0.5% gal in shakeflask 


5.66 


9 


Transformant on LBPA 
>re-streaked on TSS + 0.2% ara + 0.5% gal 
>2x(innoc. in liquid TY+ 0.5% gal) 
>2x(re-streaked on TSS + 0.2% ara + 0.5% gal) 


7.10 


10 


as # 9 + 0.5% gal in shakeflask 


2.09 


11 


Transformant on LBPA 
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>re-streaked on TSS + 0.2% ara + 0.5% gal 
>2x(innoc. in liquid TY+ 0.5% gal) 
>2x(re-streaked on LBPA) 


6.70 


12 


as # 1 1 + 0.5% gal in shakeflask 


4.35 


1 .3 


Transformant on LBPA 
>re-streaked on TSS + 0.2% ara + 0.5% gal 
>2x(innoc. in liquid TY+ 50ug/ml Kan) 
>re-streaked on LBPA+ 50ug/ml Kan 
>re-streaked on LBPA 


7.71 


14 


as # 13 + 20 ug/ml Kan in shakeflask 


11.60 


15 


as #9 


6.65 


16 


as #10 


5.16 


17 


as #11 


12.10 


18 


as #12 


9.40 


19 


as #13 


7.10 


20 


as #14 


6.30 


21 


Transformant on TSSA + 0.2% ara + 0.5% gal 
>2x(re-streaked on TSSA + 0.2% ara + 0.5% gal) 


4.30 


22 


as # 21 + 0.5% gal in shakeflask 


5.60 


23 


as #21 


2.90 


24 


as #22 


5.00 


25 


Transformant on TSSA + 0.2% ara + 2% gal 
>2x(re-streaked on TSSA + 0.2% ara + 2% gal) 


3.60 


26 


as # 25 + 0.5% gal in shakeflask 


5.80 


27 


as #25 


5.00 


28 


as #26 


4.40 



Table 4: The table shows the amplification method of individual clones and the actual amylase 
yields from a 5 day fermentation in 100 ml SK1-M medium at 300C. Some of the fermentations 
were performed in the presence of galactose or Kan to select for multiple copies during the 
fermentations. From the table it is obvious that amplification protocols using Kan or galactose in 
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TY full broth show the highest yields (in bold). These results show that yield improvements by 
adding galactose is as efficient as using Kan. 

Southern blot analysis of amplifications 

Different clones from the fermentation studies shown in table 4 were subjected to a 
Southern blot analysis which confirmed that the high yields after Kan and galactose selection 
are results of amplification of the expression cassette. The Southern blot shows hybridization to 
flanking fragments of the dal locus and a strong hybridization band to the expression cassette 
corresponding to the size of the plasmid pMOL1807 (SEQ ID NO:2). The high intensity of the 
expression cassette hybridisation band in lanes 6-10 (figure 1) corresponds nicely to the high 
yields observed in the fermentation experiment in table 4 thus confirming that the yield increase 
correlates with expression cassette copy number. 

The different strains were grown overnight in TY medium, and chromosomal DNA 
extracted by standard procedures (phenol/chloroform extractions). The DNA was digested with 
Sphl, which cuts once within the integrated pMOL1807 (SEQ ID NO:2) plasmid. Fragments 
were transferred to Immobilon-N (Millipore) membranes after agarose electrophoresis by 
vacuum blotting, and the membrane probed with biotinylated labeled probes, using the NEBIot 
Phototope Kit and Phototope Detection Kit from New England Biolabs. Purified plasmid 
pMOL1807 (SEQ ID NO:2) was linearized with Pstl restriction enzyme and used as probe for 
detection of the integrated plasmid (5943 bp) and flanking fragments of 4661 bp and 10851 bp. 

A single copy insertion of the pMOL1807 (SEQ ID NO:2) plasmid in the dal locus will 
show only the two flanking bands of 4661 bp and 10851 bp while two or more copies of the 
integrated plasmid will show an additional band corresponding to the size of the plasmid itself. 

The intensity of the plasmid sized band on the Southern blot will reflect the number of 
copies in the particular strain studied. 

The Southern blot in figure 1 shows samples from different strains either amplified by 
use of galactose or kanamycine or strains where no selection pressure is opposed. 

The results summarized herein show that it is indeed possible to increase the copy 
number of a chromosomally integrated expression cassette holding the galE gene by adding a 
simple suger compound such as galactose to the growth medium. The amplification potential, 
as judged from the band intensity on the Southern blots (figure 1) and the fermentation yields 
(table 4), is very similar to what can be achieved by the traditional kanamycine antibiotic 
selection/amplification. 
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